Objectives: To analyse trends during 1980-2011 in hypertension prevalence and SBP/DBP by sex in Fiji Melanesian (i-Taukei) and Indian adults aged 25-64 years; and to assess effects of BMI.
INTRODUCTION
T he Republic of Fiji Islands forms part of Melanesia in the South Pacific and is comprized of more than 330 islands. More than 96% of the population reside in the two main islands of Viti Levu and Vanua Levu [1] . After Papua New Guinea, Fiji has the largest population of the Pacific Island states with 837 000 at the 2007 census. The population is composed of 56.8% i-Taukei (formerly indigenous Fijians, Fiji Melanesians, or Fijians); 37.5% Fijians of Indian descent (formerly Indo-Fijians or Indians); and 5.7% 'Others', consisting of Chinese, European, part-European, Rotuman, other Pacific Islanders, and all other nationalities [1] . Since the mid-twentieth century, Fiji has experienced the demographic and epidemiological transitions, including declines in mortality, particularly infant and under-five deaths, and a change in major causes of death from infection/under-nutrition to noncommunicable disease [2, 3] . Plateaux in life expectancy has occurred since the 1990s from increases in premature adult mortality [3] [4] [5] , with cardiovascular disease (CVD) now the leading cause of death in Fiji [3] . Proportional mortality from CVD increased from around 20% in the 1960s to over 45% by 2010 [6] .
Reduction in CVD mortality can be achieved through risk factor reduction in individuals and populations, including interventions targeting population groups identified at high-risk. A recent assessment of the Fiji health systems' response to noncommunicable disease found limited evidence of health promotion targeting high-risk groups [7] . Reductions in premature adult mortality from decline in CVD occurred from the 1970s in Northern Europe, North America, Australia, and New Zealand [8] , and led to significant increases in life expectancy in these populations. In Australia and New Zealand 80% of the CVD mortality decline has been associated with declines in population risk factors, including hypertension [9, 10] .
The evolution of risk factor prevalence underpinning the epidemiologic transition in Fiji has not been well documented. To that end, the present study analyses trends in hypertension prevalence, SBP and DBP in Fiji by sex and ethnicity from five population-based cross-sectional surveys conducted in Fiji over a 32-year period , using a standardized definition of hypertension and methodology for analysis. The present study enables assessment of population trends and evaluation of the effects of prevention and control interventions for blood pressure (BP) reduction over the past 32 years in Fiji. Population groups at increased risk of CVD because of increased hypertension prevalence, SBP, and DBP are also identified to assist policy and planning of targeted prevention and control interventions.
METHODS

Survey selection
Surveys that measured BP in adults aged 25-64 years in Fiji during 1950-2014 were identified through: a literature search of Medline, PubMed, and Global Health; an internet search; and direct contact with representatives from the Fiji Ministry of Health, the Fiji National Food and Nutrition Centre, the WHO, and the Secretariat for the Pacific Community. Surveys were included in this analysis if they were nationally representative at the time of the survey, or could be adjusted to the nearest previous census (by age, urban/ rural residency, and ethnicity) to improve representativeness and minimize selection bias, as implemented in the WHO STEPS survey methodology [11] . Participants aged 25-64 years from the two major ethnicities in Fiji, i-Taukei, and Fijians of Indian descent (Indians), were included in the analysis. The 'Other' ethnicity was not included as it is a heterogeneous group consisting of other Pacific Islanders, Europeans, and Asians, and comprized only 5% of the total Fiji population at the 2007 census [1] . Surveys included in analyses are: the 1980 National Diabetes and Cardiovascular Disease Survey (n ¼ 1,999) [12] , the National Nutrition Surveys (NNS): 1993 (n ¼ 1750) and 2004 (n ¼ 3183) [13, 14] , and the WHO STEPS Surveys: 2002 (n ¼ 4836) and 2011 (n ¼ 2423) [11] .
Several BP surveys undertaken in Fiji were not included in the current analysis because they measured BP in one sex only [15] , in a specific and often narrow age group [15, 16] , one ethnicity only [15] [16] [17] [18] [19] [20] , in an exclusive or undefined urban/rural population [15, [18] [19] [20] [21] , or survey results were only available as a broad summary [22] . These surveys were excluded because they were not nationally representative, and it was not possible to adjust their data to the nearest previous census (by age, ethnicity, and rural/urban distributions for each sex). The NNS BP measurements are adjusted so that analysis of all surveys is based on the average of the first and second BP reading. Adjustment of BP from the NNS involved using unit record data from the 2002 STEPS to derive predictive models from linear regression to estimate the first BP measurement (y variable) from the second BP measurement, accounting for age, BMI, urban-rural, and ethnicity (x variables), separately for each sex. The R-Square of the SBP model was 95% for men and 97% for women; the R-Square of the DBP model was 95% for men and women. These models were employed to predict the average of the first and second BP measurement for each patient in the 1993 and 2004 NNS data, and resulted in a predicted first SBP measurement %1-2 mmHg higher than the second measurement; and a predicted first DBP measurement %0-1 mmHg lower or higher than the second measurement (by sex and ethnicity). Hypertension was defined as SBP at least 140 mmHg and/or DBP at least 90 mmHg and/or taking medication for hypertension (self-reported).
Data collection
Demographic adjustment and trend analyses
To improve national representativeness and minimize selection bias, each survey was adjusted to the most recent previous census for age group and urban-rural distributions by ethnicity and sex using case weights derived from the ratio of the proportions from the census and the survey for each stratum. This is the same methodology used in the WHO STEPS surveys [11] . Each survey was also age standardized to the 2007 census population to control for the effect of changes in the age structure of the population on BP means and prevalences during 1980-2011. Pregnant women were excluded from analyses. A combined unit record data set was constructed consisting of the five concatenated surveys (n ¼ 14 191). Poisson regression (without offset) was used to analyse trends in hypertension prevalence over period, and linear regression was used to analyse mean SBP and DBP over period. Poisson regression (without offset) was used to investigate the effect of changes in BMI on hypertension prevalence over 1980 and 2011 (age-adjusted) by comparing the period trend in the relative risk (RR) of hypertension after adjusting for age, with that of a model adjusting for age, and BMI (as continuous variables). Increases in mean SBP and DBP over the period were analyzed in the same fashion using linear regression. SPSS version 22 was used for the adjustment of BP sequencing in 1993 and 2004 NNS (IBM Corp., New York, USA); SAS version 9.4 was used for the regression analysis (SAS Institute Inc., Cary, North Carolina, USA).
RESULTS
Hypertension prevalence
Estimates of hypertension prevalence weighted to be nationally representative for age and urban/rural distributions (by ethnicity and sex) at the time of each survey indicate that from 1980 to 2011 there was a statistically significant increase (P < 0.001) in the period trend in hypertension prevalence in i-Taukei and Indian men and women (Table 1 and Fig. 1 ), and in men and women overall (both ethnicities combined) ( Table 1 and Fig. 2 ).
The magnitude of the period trend in hypertension prevalence declined slightly after age-adjustment by 0.8% in i-Taukei men and by 0.6% in i-Taukei women, whereas the decline was larger in Indian men by 16.7% and in Indian women by 24.9%; all declines were statistically significant at P < 0.001 (Table 3 ). The increasing period trend in hypertension prevalence remained statistically significant (P < 0.001) in both sexes and ethnicities after age-adjustment.
Mean SBP and DBP
Estimates of mean SBP and DBP weighted to be nationally representative for age and urban/rural distributions (by ethnicity and sex) at the time of each survey indicate that from 1980 to 2011 there was a statistically significant increase (P < 0.001) in the period trend in mean SBP and DBP in i-Taukei and Indian men and women (Table 2 and Fig. 1 ), and in men and women overall (both ethnicities combined) ( Table 2 and Fig. 2 ). The magnitude of the period increase in mean SBP declined slightly (<1%) after adjusting for age in i-Taukei men and women, and by 14.7% in Indian men and 29.0% in Indian women. The period increase in mean DBP also declined slightly (<1%) in i-Taukei men and women, and by 15.8% in Indian men and 18.4% in Indian women (Tables 2 and 3 ). All declines after age-adjustment were statistically significant at P < 0.001. The increasing period trend in mean SBP and DBP remained statistically significant (P < 0.001) in both sexes and ethnicities after ageadjustment.
Effect of BMI on period (1980-2011) trends in hypertension prevalence
The RR of hypertension prevalence for the 32-year period (1980-2011), after adjustment for age and BMI, compared with adjusting for age alone (i.e. the age-adjusted effect of obesity), declined by 8-23% for hypertension prevalence. The mean BP for the 32-year period (1980-2011), after adjustment for age and BMI, compared with adjusting for age alone (i.e. the age-adjusted effect of obesity) decreased by 8-39% for SBP and 16-47% for DBP. Effects of obesity assessed in this way were generally greater in women than men, in Indians than i-Taukei and for mean DBP rather than SBP (Table 3 ). All declines in hypertension prevalence and mean SBP and DBP after adjustment for BMI were statistically significant at P < 0.001. The period trend in the RR for hypertension prevalence, after adjusting for age and BMI, remained statistically significant (P < 0.001) in i-Taukei men and women, but in Indian men the statistical significance declined (P ¼ 0.017) and in Indian women the trend was no longer statistically significant (P ¼ 0.201). The period trend in mean SBP and DBP, after adjusting for age and BMI, remained statistically significant (P < 0.001) in both sexes and ethnicities.
DISCUSSION
Empirical survey data for Fijians aged 25-64 years, adjusted to be nationally representative for age group, sex, ethnicity, and urban-rural residence, demonstrate a statistically significant continued increase in hypertension prevalence, SBP, and DBP in both sexes of the i-Taukei and Indian populations during 1980-2011. The most affected population group is i-Taukei men who had the highest level of hypertension prevalence, SBP, and DBP in 2011, and had the greatest increase over 1980-2011 in hypertension prevalence and SBP. Among women, the i-Taukei population had the highest level of hypertension prevalence, SBP, and DBP in 2011; however, Indian women had the greatest increase during 1980-2011 in these measures. Analysis of men and women overall (both ethnicities combined) indicates that hypertension prevalence was higher in women in 1980, but the increase over time was greater in men and by the mid-1990s hypertension prevalence in men exceeded that in women, and the sex differential widened to 2011. Men had higher SBP than women, and the sex differential progressively widened to 2011 because of a greater rate of increase in men. DBP remained similar between men and women throughout 1980-2011. The increasing period trends in hypertension prevalence and BP means remained highly statistically significant after ageadjustment to the nearest previous census, and to the 2007 census, with only a small decline in the increase in the iTaukei ethnicity, but larger decline in Indians because of their greater change in age structure over the period compared with i-Taukei.
Data on trends over time in CVD risk factors in a population are more informative than analysis of levels from a single cross-sectional survey. Previous attempts at comparing BP means and prevalences from cross-sectional surveys have been hindered by differences in the definition of hypertension, the recording and computation of the average BP measurements used in analysis, and the aggregations (age/sex/ethnicity/urban-rural) used for the presentation of tabulated results. For example, all published results from the 1980 survey of hypertension prevalence used a definition of SBP at least 160 and/or DBP at least 95 mmHg, whereas more recent surveys define hypertension as SBP at least140 and/or DBP at least 90 mmHg and/or taking hypertension medication. These differences in definition have made it difficult to accurately establish trends over time. Through access to unit record data, we have been able to apply a standardized definition of hypertension to all surveys (SBP!140 and/or DBP!90 mmHg and/ or taking hypertension medication), and develop a consistent methodology for computation using the average of the first and second BP measurements in analyses.
Previous population studies of BP in Fiji dating back to the 1950s have identified an association between increasing age and increases in BP means and hypertension prevalence in both sexes and ethnicities [15, 16, 21, 23] . Increased 
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Journal of Hypertension www.jhypertension.com BP with increasing age has also been found in other Pacific Islands, including Samoa [24] and Tonga [25] , and elsewhere, including Australia [26] . However, some previous studies of least modernized populations indicate no significant increase in BP with age in the Pacific, including the northern Cook Islands (Pukapuka) [27] , Tokelau [28] , Wallis Island [29] , and elsewhere, including Brazil and Kenya [30] , highlighting that increased BP is not an inevitable consequence of aging. Since BP in Fiji increased with age in the period under investigation, changing proportions of the population in age groups over time can confound the relationship of BP to period. Age-adjusted analyses (to the 2007 census) of the concatenated surveys, compared with adjustment to the most recent previous census, resulted in small reductions in the increase in mean BP and hypertension prevalence in the i-Taukei ethnicity over the period , but larger reductions in Indians. The increasing period trends, however, remained statistically significant in both sexes and ethnicities after adjusting for age in both ways. The greater decline in Indians is likely associated with changes in age structure because of out-migration of young adults over the period. Between the 1976 and 2007 censuses, the proportion of Indians aged 25-34 years (in the 25-64-year age group) decreased by around 10% from 43.5 to 34.5% in men and 44.6 to 32.0% in women, and the proportion of 55-64 years, increased by around 5-6% from 9.4 to 13.7% in men and 9.2 to 15.3% in women [1, 31] . The overall population remains relatively young, however, with approximately 48% of Fijians below age 25 years and only 6.5% above age 60 years at the 2007 census [32] .
The relationship between greater urbanization and higher hypertension prevalence and mean BP has been identified in population studies in Fiji since the 1950s [15, 16, 23] . Urbanization of the Fiji population over previous decades has proceeded apace: 37% of the population was classified as urban at the 1976 census [31] , and 51% by the 2007 census [1] . Continuation of present trends indicates that 61% of the population will be urban by 2030 [1] . As urbanization continues to increase, BP and hypertension prevalence will be expected to rise. Urbanization is a distant (or ultimate) risk factor in the causal chain, and intermediary risk factors, including salt intake [30] and obesity [33] contribute significantly to increases in BP and hypertension prevalence. No surveys in Fiji have adequately measured population sodium intake. The 1980 survey assessed salt intake through urinary sodium concentration and found mean levels were higher in urban groups (both sexes and ethnicities) compared with their rural counterparts, and higher in Indians (by sex and urban/rural distribution) than in i-Taukei [23] . Comparison with other Pacific islands around that time showed that the more rural areas and outer islands, based to a significant extent on a subsistence economy, had lower mean urinary sodium concentration than the more modernized population of Fiji [34] . The prevalence of obesity in both sexes and ethnicities in Fiji has increased over recent decades, with higher levels in women compared with men, and in i-Taukei compared to Indians [14] .
The effect of obesity on period increases in hypertension prevalence and mean SBP and DBP was assessed by estimating the additional effect of BMI on the age-adjusted period effect. Effects of obesity assessed in this way were generally greater in women than men, in Indians than iTaukei, and for DBP rather than SBP. The apparent lesser effect of BMI in males, particularly i-Taukei, may be because of differing fat/muscle ratios compared to females, particularly Indian. BMI accounted for almost half of the increase in mean DBP in Indians.
Although in many developed countries the majority of deaths from CVD in the 21st century occur in older adults aged 65 years and above [35] , in Fiji there is significant premature adult mortality from CVD with over half of deaths occurring in adults aged 40-59 years [32] . The prematurity of these deaths is not only a health concern, but also an economic and development issue for Fiji [32] . The present study is the first to identify trends in hypertension prevalence and mean SBP and DBP in Fiji by sex and ethnicity from large cross-sectional surveys over a 32-year period (1980-2011) using a standardized definition of hypertension and methodology for analysis. The findings indicate that preventive approaches relating to obesity from energy intake and inadequate physical activity, reduction in salt intake, and identification and treatment of cases of hypertension in the Fiji population [32] have not yet led to a decrease in hypertension prevalence or SBP and DBP. Rather, trends demonstrate a continued increase over the last 32 years. Reduction in CVD risk factors, including BP, has been achieved in recent decades in populations, such as Australia, through primary and secondary prevention associated with reduction in population risk factor levels [9] . The present study indicates that the most affected population groups in Fiji by sex and ethnicity are i-Taukei men who had the highest levels of hypertension prevalence and mean SBP and DBP in 2011, and the greatest rates of increase in these measures during 1980-2011. Among women, the i-Taukei population had the highest levels of hypertension prevalence and mean SBP and DBP in 2011; however, Indian women had the greatest rate of increase in these measures during 1980-2011. Although public health interventions aimed at CVD risk factor reduction are being expanded across the entire Fijian population [32] , additional interventions targeting high-risk population groups may be necessary. CVD risk factor analyses in Fiji that consider the entire population mask divergent trends in the major ethnic groups.
